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http://dx.doi.org/10.1016/j.asjsur.20Summary The object of this study is to report a rare case of explosion during laparotomy
where diathermy ignited intraperitoneal gas from a spontaneous stomach perforation. Fortu-
nately, the patient survived but the surgeon experienced a finger burn. A literature review
demonstrates other examples of intraoperative explosion where gastrointestinal gases were
the fuel source. Lessons learned from these cases provide recommendations to prevent this
potentially lethal event from occurring.
Copyright ª 2012, Asian Surgical Association. Published by Elsevier Taiwan LLC. All rights
reserved.1. Introduction
Fires and explosions in the operating theater are rare
events. When they do occur they have the potential to
cause significant harm and even death to patients as well as
injury to staff and structural damage to equipment and
theaters. The ingredients for an explosion are found in
every operating theater.
Gastrointestinal gases have been reported as the fuel for
explosions in surgery at all levels of the alimentary tract, atdeclare that they have no
terest related to the subject
anuscript.
t of Surgery, Royal Brisbane
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12.09.002colonoscopy, at laparoscopy and after opening the perito-
neal cavity in a patient with a perforated viscous. The
following report highlights a case of an explosion that
occurred on opening the peritoneal cavity with electro-
cautery in a patient who had a stomach perforation. Only
one other case could be found in the literature of an
explosion on entering the peritoneal cavity and that patient
died.1 The paper will also review the literature with respect
to explosions in the operating theater, where gastrointes-
tinal gases were the fuel source and summarize the advice
to minimize the risk of this most devastating event from
occurring.2. Case report
A 75-year-old obese lady presented to the emergency
department via Queensland Ambulance Service with suddenby Elsevier Taiwan LLC. All rights reserved.
Explosion following gastric perforation 111onset of generalized abdominal pain. The pain had started
approximately half an hour after dinner. She had eaten
pork chops and vegetables. Her past medical history
included Barrett’s esophagus with gastroesophageal reflux
disease having had a laparoscopic fundoplication 4 years
previously at a different hospital. She had received yearly
endoscopy since then with the most recent being 12 months
previously. The patient had a remote history of a gastric
ulcer and admitted to being poorly compliant with proton
pump inhibitors. There was no other significant medical
history and the patient was not taking any non-steroidal
anti-inflammatory medications. She reported being well up
until that evening with no vomiting prior to the onset of
pain.
On examination the patient looked unwell. She was
afebrile. Her heart rate (HR) was fluctuating 120e140 with
periodic bradycardic episodes to a rate of 50. She was
hypertensive with oxygen saturations initially 90% on room
air but 100% on high flow oxygen via a non-rebreather mask.
She was tachypneic with respiratory rate of 28. Abdominal
examination demonstrated a distended abdomen with
generalized involuntary guarding and percussion tender-
ness. An urgent chest X-ray revealed extensive free gas
(Fig. 1). The patient was transferred to the operating
theater with a presumptive diagnosis of gastric or duodenal
perforation, with a differential diagnosis of diverticular
perforation.
The patient had a general anesthetic and an endotra-
cheal tube was placed. A nasogastric tube was not inserted.
A midline laparotomy was performed with diathermy
cautery through the subcutaneous fat and linea alba. The
peritoneum was also entered using diathermy with vertical
traction on the abdominal wall from both the surgeon and
the assistant. At the instant the peritoneal cavity was
breached, a low pitch roar was heard and a jet of blue
flame was identified coming from the peritoneal defect.Figure 1 Mobile erect chest X-ray demonstrating free gas.The flame was extinguished with an abdominal pack with no
evidence of thermal injury to the patient. No change in the
patient’s heart rate, blood pressure or electrocardiogram
(ECG) trace was noted. The surgeon experienced a second-
degree burn to his left index finger (Fig. 2). An initial
examination of the abdomen failed to demonstrate any
visceral injury related to the explosion.
The operation proceeded and after division of the gas-
trocolic ligament a 5-cm linear gastric perforation in the
posterior wall of the stomach was identified and primarily
repaired. A large amount of partially digested food was
retrieved from the stomach and lesser sac. There was no
evidence of ulceration or malignancy on the mucosal
surface or adjacent to the gastric defect. During the case,
blood was noted to be pooling in the left upper quadrant of
the abdomen. The spleen was examined and found to have
a 3-cm laceration in the lower pole despite no handling in
this region. A splenectomy was performed. The patient was
transferred to the intensive care unit. The postoperative
course was slow. The patient was treated with intravenous
antibiotics for pneumonia and had a superficial wound
dehiscence requiring daily dressings. A computed tomog-
raphy-guided percutaneous drain was placed on Post-
operative Day 11 for a fluid collection in the splenic bed.
The patient was discharged from hospital on Day 21. The
surgeon’s finger healed with simple dressings in 2 weeks
with no scarring.3. Discussion
Three ingredients are necessary for a fire to occur: fuel,
oxygen and a source of ignition. Oxygen is ubiquitous in the
operating theater from either atmospheric air, supple-
mented oxygenation or as a byproduct of nitrous oxide. The
ignition source may be electrocautery, faulty electric
equipment, or laser with the former making up the
majority. Gastrointestinal gases, gases produced in the
bladder during electroresection, skin-sterilizing agents, and
disposable materials (including drapes, swabs, tracheal
tubes, nebulizers) are all fuels that have resulted in fires orFigure 2 Finger of the surgeon on Day 1 following a burn
from the intra-abdominal explosion.
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occurred with gastrointestinal gases as the principle fuel.
Flammable gases are produced at all levels in the
gastrointestinal tract. An explosion will occur when a suit-
able concentration of flammable gases are ignited by
a spark. Methane and hydrogen are the principle flammable
gases produced. Methane production occurs in a constant
fashion from endogenous enteric bacteria and is unrelated
to diet. This mostly occurs in the colon but may occur in the
small bowel and stomach in the setting of obstruction.
Approximately one-third of the population are “methane
producers”,2 and these patients are at greater risk of
developing potentially explosive gas mixtures in the colon.
Hydrogen is dependent on bacterial metabolism of
ingested material and the fermentation of non-absorbable
or incompletely absorbed carbohydrates. Other factors
thought to affect bowel gas concentration are diffusion of
gas from blood and swallowed air. Hydrogen concentration
more than 4% and less than 75% will potentially cause an
explosion if the oxygen concentration is greater than 4%.
The corresponding range of methane is 4.4e16.3% if the
oxygen concentration is greater than 10.7%.3
Explosion during colonoscopy has been widely reported
in the literature since the first case in 1954.4
Manner et al3 reported on eight cases of colonic explosion
during argon plasma coagulation (APC) over a 10-year
period. They found seven of the eight cases occurred when
enemas were used rather than full bowel preparation and
concluded meticulous full bowel cleansing should be carried
out before any APC treatment of the colon. Mannitol and
sorbitol preparations were formerly considered the refer-
ence agents for bowel preparation. Bacterial fermentation
of these agents was thought to be responsible for the
production of explosive gas mixtures. Polyethylene glycol
electrolyte solutions were introduced to avoid the use of
sugar compounds in bowel preparation and this has seen
a reduction in the reported cases of explosion. Other
methods reported to reduce the risk of explosion during
colonoscopy are insufflation of carbon dioxide at the time of
the procedure and preadministration of antibiotics. The
administration of antibiotics prior to colonoscopy is not
practical and its benefit in the post mannitol era is debated.
Opening the bowel with electrocautery, particularly if
the bowel is obstructed, may lead to an explosion.
The most commonly reported region is the colon. Five
cases of colonic explosion on opening the colon with
diathermy were identified between 1961 and 1993.5e9 In all
cases, colonic distension was noted at the time of surgery.
Three cases have been reported of explosion on opening
the small bowel with electrocautery.10e12
All authors concluded that diathermy should not be used
to open the bowel in the setting of obstruction. Of note, in
all cases where the anesthetic agent was reported, nitrous
oxide (NO) was used to maintain anesthesia. Patients
ventilated on NO have been shown to increase their
intestinal gas volumes.13 NO can also provide oxygen for
combustion.
Up to 50% of normal individuals have combustible
concentrations of gases in the unprepared colon.14 As both
methane and hydrogen are dependent on bacterial actions,
the relative sterility of both the stomach and small bowel
would preclude high concentrations of these gases.However, in the setting of obstruction, bacterial over-
growth may occur. Pyloric stenosis has long been reported
to produce combustible gas concentration in the stomach.
There are several sensational incidents of patients
“breathing fire” when belching in close proximity to a lit
cigarette.15 The mechanism is thought to be prolonged
fermentation of foodstuffs within the stomach. Explosions
on entering the stomach with diathermy have been re-
ported.16,17 In both cases, gastric outlet obstruction was
present. In one case, the explosion occurred despite full
nasogastric decompression.
Only one previous report of an explosion on entering the
abdominal cavity with diathermy was identified.1 In this
case, the patient had perforated their stomach within
a large hiatus hernia. Prolonged cardiopulmonary resusci-
tation was required for a ventricular fibrillation (VF)
cardiac arrest prior to entering the operating theater.
Immediately after the explosion, the patient had severe
hemodynamic compromise and laparotomy identified
significant injuries to the diaphragm, spleen, and anterior
abdominal wall musculature. The operation proceeded, but
the patient died 3 hours after the procedure.
Explosions during laparoscopy have been reported when
oxygen and NOwere used for peritoneal insufflation. No such
reports have occurred with carbon dioxide. Greilich et al18
reported on a case of intra-abdominal explosion during
laparoscopic cholecystectomy in which combined oxygen
and carbon dioxidewere accidentally insufflated rather than
pure CO2. The ignition was caused by electrocautery. The
use of CO2 has added benefits of high blood solubility and,
therefore, reduces the likelihood of a gas embolus.
In our case, there was no evidence of obstruction,
ulceration or malignancy and the cause of the perforation is
presumed to be spontaneous. It would appear that the
explosive gas mixture was produced by fermentation of
food in the stomach. The time of ingestion of dinner to the
time of operation was approximately 3 hours. It is also
probable that preoxygenation of the patient increased the
gastric and subsequent peritoneal oxygenation concentra-
tion, producing a more volatile gas mixture. The signifi-
cance of this patient’s past fundoplication is uncertain.
Posterior stomach perforations may cause free intraperi-
toneal gas via the epiploic foramen and there are multiple
reports of this in stomach perforations during cardiopul-
monary resuscitation.19
The splenic laceration was considered most likely to be
iatrogenic due to downward traction on the stomach rather
than directly related to the explosion; this is because there
was no injury evident on initial examination. A splenec-
tomy was favored over a splenic preserving repair due to
the laceration not being amenable to splenorrhaphy,
patient age, the degree of abdominal contamination,
unfavorable patient body habitus, and the decision to finish
the operation so the patient could be sent to the intensive
care unit for warming and further resuscitation. It is
interesting that no reports exist of explosions following
laparotomy for colonic diverticular perforations given the
greater gas volatility within the colon. This may be
explained by the lack of oxygen normally present in the
colon (5%) as opposed to the stomach (10%) and the fact
that oxygen administered by the anesthetists would not
contribute to gas in the lower alimentary tract.15
Explosion following gastric perforation 113We provide the following recommendations for pre-
venting explosions in the operating theater where gastro-
intestinal gases are the fuel source:
1. Colonoscopy
 Avoid preparation solutions containing mannitol or
other malabsorbed sugars
 Only perform APC following full bowel preparation
 Limit time or avoid electrocautery during snaring of
colonic polyps without full bowel preparation
 Use CO2 insufflation
2. Enterotomy
 Avoid electrocautery enterotomy to any obstructed
bowel at all levels of alimentary tract
 When performing stricturoplasty of small bowel for
Crohn disease, first decompress the bowel with
a knife or scissors before extending the enterotomy
with diathermy
 Avoid nitrous oxide as anesthetic agent where bowel
obstruction is suspected
3. Laparotomy with free gas or suspected perforated
viscous
 Open peritoneum with knife or scissors
 Avoid excessive preoxygenation
4. Laparoscopy
 Ensure pure CO2 insufflation4. Conclusion
Explosions in the operating theater are rare but potentially
devastating events. In this case of an explosion on entering
the peritoneum in a patient with a stomach perforation,
the patient was fortunately uninjured but the surgeon
suffered a partial thickness burn to his finger. Unfortu-
nately, other patients suffering similar explosions have
fared far worse with numerous deaths reported. We have
provided a list of recommendations to prevent explosions of
intestinal gases and specifically in this case recommend
opening the peritoneum with scissors or a knife to decom-
press the peritoneal cavity before diathermy is used.References
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